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UHODWLYHO\ ORZ OHDFKLQJ ORVVHV7KH DPRXQW RI WRWDO3 OHDFKHGGXULQJ WKH PRQWK SHULRG
GHFUHDVHGLQWKHRUGHURUJDQLFNJKD!RUJDQLFNJKD!VDQGNJKD!
ORDPNJKD+LJKHU3ORVVHVIURPWKHRUJDQLFVRLOVZHUHDWWULEXWHGWRIHZHUVRUSWLRQ
VLWHV KXPLF PDWWHU FRPSHWLWLRQ ZLWK SKRVSKDWH IRU WKRVH VDPH VLWHV DQG SUHVHQFH RI
SUHIHUHQWLDOIORZSDWKZD\VRUJDQLF
Evaluation of ‘Skogens kol’, DZRRGELRFKDU FRDWHGZLWK LURQ )H2PDJQHWLWH DQG
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,, 7RRN SDUW LQ SODQQLQJ WKH VWXG\ ZLWK WKH ILUVW DQG WKLUG FRDXWKRUV
3HUIRUPHGPRVWRIWKHH[SHULPHQWDOZRUN3HUIRUPHGELRFKDUGDWDDQDO\VHV
DQG LQWHUSUHWDWLRQ ZLWK IUHTXHQW DVVLVWDQFH IURP WKH ILUVW FRDXWKRU 7KH



























































IRRGSURGXFWLRQDQG WKH LQWHUHVW LQGHYHORSLQJ WKHVHRUJDQLFPDWWHUULFKVRLOV








WKH PLGV %HUJOXQG  RZLQJ PDLQO\ WR LQFUHDVLQJ NQRZOHGJH RI
DJULFXOWXUDOPDQDJHPHQWSUDFWLFHVDQGLQWHQVLYHIHUWLOLVDWLRQ+RZHYHUPDQ\RI




1RZ LQ WKH VW FHQWXU\ D JUHDW GHDO RI HQYLURQPHQWDO NQRZOHGJH DQG
XQGHUVWDQGLQJKDVEHHQJDLQHGLQWHUQDWLRQDOO\UHJDUGLQJLVVXHVDULVLQJIURPWKH
FXOWLYDWLRQRIRUJDQLFVRLOV7KHVHLQFOXGHFDUERQGLR[LGHDZHOOGRFXPHQWHG
JUHHQKRXVH JDV WKDW LV FRQVWDQWO\ HPLWWHG ZKHQ RUJDQLF VRLOV DUH DHUDWHG
%HUJOXQGVXEVLGHQFHDOVRUHVXOWLQJIURPDHUDWLRQZKLFKFDXVHVWKHVRLO
WR EDVLFDOO\ YDQLVK 5RMVWDF]HU DQG'HYHUHO  DSSOLFDWLRQ RI IHUWLOLVHUV
ZKLFKRQWKHVHVRLOVFDQFDXVHORVVHVRIQLWURJHQ1DQGPRVWUHOHYDQWIRUWKLV
WKHVLV SKRVSKRUXV 3 ORVVHV WR GUDLQDJH V\VWHPV DQG VXEVHTXHQWO\ VXUIDFH
ZDWHUV
,Q6ZHGHQWKHUHKDVEHHQDOPRVWQRUHFHQWHYDOXDWLRQRIWKHDPRXQWRI3

















WKH ORDGSRWHQWLDOO\ ORVW IURPWKHVRLOSURILOH OD\HUVDQG WKHPHFKDQLVPV
EHKLQGWKHVHORVVHV3DSHU,
  -Identifying the layers from which P can be lost and the potential load 
originating from these layers can help ascertain the role of the 
topsoil/subsoil in P leaching. Suitable mitigation measures can be used 
more efficiently and effectively when the source area and P form are 
known. 
 
x 4XDQWLI\ DQG FRPSDUH OHDFKLQJ IURP RUJDQLF VRLOV ZLWK WKDW IURP
LQWHQVLYHO\IDUPHGPLQHUDOVRLOVZLWKNQRZQKLJK3OHDFKLQJULVN3DSHUV,
DQG,,, 
  - Quantification of concentrations and loads of P leached from organic 
soils at different scales and over longer periods allows for accurate 
determination of the potential threat to surface water quality. 
Utilisation of longer soil columns allows the complex P interactions 
within soil to be accounted for and soil processes important for 
accelerating P losses to be identified. Measuring P leaching from 
mineral soils, including known high-risk P leaching soils, under the 




  -Initial evaluation of biochar coating in the laboratory enables 




interference from environmental factors. It also allows adsorption 




- On introducing variables, HJ. climate, soil characteristics and 
microbial activity, the maximum P adsorption potential of biochar may 
be considerably different. Using a more field-like scenario gives a better 
understanding of its potential in the environment in which it will be 
used. 
 
x &RPSDUH WKH HIIHFWLYHQHVV DQG HIILFLHQF\ RI SKRVSKDWH3 DGVRUSWLRQ RQ
ELRFKDULQODERUDWRU\DQGILHOGO\VLPHWHUVWXGLHV3DSHU,,
By understanding how well a biochar functions in terms of resources 
used to adsorb P, a judgement can be made on whether it is resource-







LPSRUWDQW LQ FURS SURGXFWLRQ IRU UHOLDEOH DQG KLJK \LHOG UHWXUQV0DQXUH RU
IHUWLOLVHU 3 LV RIWHQ DSSOLHG WRPHHW FURS GHPDQGV EXW DOVR LQ H[FHVV DV D 3
EDQNLQJVWUDWHJ\E\IDUPHUV$PLVPDWFKEHWZHHQ3VXSSO\DQGSODQWGHPDQG
UDLQIDOO VRRQ DIWHU DSSOLFDWLRQ RU HYHQ QDWXUDO VRLO SURFHVVHV FDQ FDXVH 3
OHDFKLQJ(YHQUHODWLYHO\ORZFRQFHQWUDWLRQVLQZDWHUERGLHVe.gPJ3/
'DQLHOet al.FDQOHDGWRHXWURSKLFDWLRQ(XWURSKLFDWLRQIURPWKH*UHHN
meaning ‘well nourished’) can result in enhanced growth and subsequent death 





IURP DWPRVSKHULF QLWURJHQ JDV 6KDUSOH\ et al.  7KLV KDV IROORZRQ
LPSOLFDWLRQV LQFOXGLQJ UHGXFLQJ GULQNLQJZDWHU TXDOLW\ IRU ERWK KXPDQV DQG






the nation’s total anthropogenic 3ORDGVWRWKH%DOWLF6HD%UDQGWet al.
7KH %DOWLF 6HD LQ QRUWKHUQ (XURSH LV D EUDFNLVK ZDWHU ERG\ UHFHLYLQJ
HXWURSKLFDWLRQFDXVLQJ3IURPPDQ\SRLQWDQGGLIIXVHVRXUFHVIURPFRXQWULHV
DURXQGWKHFRDVWOLQH,QRUGHUWRDWWDLQJRRGHFRORJLFDOVWDWXVDVRXWOLQHGLQWKH
(XURSHDQ 8QLRQ :DWHU )UDPHZRUN 'LUHFWLYH :)' DQG PHHW &RXQWU\











LQFOXGHG WRSVRLO FROXPQVZLWK DSSOLHGPDQXUH H[SRVHG WR VLPXODWHG UDLQIDOO









UHFRUGLQJGUDLQDJH IORZVDQG3FRQFHQWUDWLRQV IURP ILHOGV VLQFH WKH HDUO\
VKDVUHSRUWHG ORVVHVRIRQDYHUDJHNJ3KD\U IURPDJULFXOWXUDO
ILHOGV 'DWD +RVWLQJ $JULFXOWXUDO /DQG  2QO\ RQH RUJDQLF VRLO ZDV
PRQLWRUHG LQ WKDW SURJUDPPH DQG RYHU D \HDU SHULRG LW KDG VKRZQ
FRQFHQWUDWLRQVRIXSWRPJ3/DQGDPHDQDQQXDOORDGRINJ3KD










ORZ DUFWLF UHJLRQV ZLWK PRVW ORFDWHG LQ WHPSHUDWH ORZODQG DUHDV $ VPDOO
percentage are also found in the tropics. They are internationally known as ‘peat 











2UJDQLF VRLOV DUHTXLWHXQOLNH DQ\RWKHU VRLO W\SH LQ WKDW WKH\DUHGHULYHG
SULPDULO\IURPRUJDQLFSDUHQWPDWHULDO:LOGLQJ$VDFRQVHTXHQFHWKHLU
SK\VLFDOFKHPLFDODQGPHFKDQLFDOSURSHUWLHVGLIIHUIURPWKRVHRIPLQHUDOVRLOV
0LQHUDO WRSVRLOV XVXDOO\ KDYH DURXQG  RUJDQLFPDWWHU FRQWHQW ZKLFK LV
UHODWLYHO\ ORZ LQFRPSDULVRQZLWKRUJDQLFVRLOVZLWKPRUH WKDQRUJDQLF
PDWWHUE\ZHLJKWaRUJDQLFFDUERQ7KHVHRUJDQLFPDWWHUDFFXPXODWLRQV
RFFXU LQ DQ DQDHURELF HQYLURQPHQW WKDW PDNHV RUJDQLF PDWWHU GHJUDGDWLRQ
XQIDYRXUDEOH6XFKFRQGLWLRQVDUHW\SLFDOO\FDXVHGE\DKLJKUDLQIDOOFOLPDWH
KLJK ZDWHUWDEOH ORZ WHPSHUDWXUHV H[WUHPH DFLGLW\ RU H[WUHPH PLQHUDO
GHILFLHQFLHV
7KH DQDHURELF FRQGLWLRQV SURGXFHG LQ WKH XQGHUZDWHU HQYLURQPHQW DUH
FRQGXFLYHWRSUHVHUYDWLRQRIRUJDQLFPDWWHUWKURXJKUHGXFHGR[\JHQDYDLODELOLW\
%UDG\ DQG:HLO  7KHVH VRLOV DUH SRRUO\ GUDLQHG DQG WR EH XVHG IRU
DJULFXOWXUH UHTXLUH LQVWDOODWLRQRIVXEVXUIDFH WLOHGUDLQVRURSHQGLWFKHVRIWHQ
LQFOXGLQJSXPSLQJV\VWHPVWRKHOSUHPRYHH[FHVVZDWHU&RJJHUDQG'X[EXU\
7KLVLVWKHFDVHIRUPRVWRIWKHFXOWLYDWHGRUJDQLFVRLOVLQ6ZHGHQ
2UJDQLFVRLOV IRXQG LQ WHPSHUDWHFOLPDWHVFDQEHFODVVLILHG LQWR WZRPDLQ
types, due to their location and formation.  Soils referred to as ‘low moor peats’, 
‘topogenous peats’ or ‘fen peats’ are formed in the presence of permanent 









WKLV VWDJH RWKHU SODQWV e.g UXVKHV Scirpus VSS DQG VHGJHV Carex VSS
colonise the water’s edge. Organic matter from these plants then accumulates in
WKHGHSUHVVLRQ VORZO\ILOOLQJ LW WR WKHVXUIDFH7KHRUJDQLFPDWWHU LVR[\JHQ
GHSULYHGDQGDOPRVWDOOQXWULHQWVDUHUHPRYHGE\WKHSODQWVOHDYLQJDQXWULHQW
SRRUVXEVWUDWH(YHQWXDOO\ODUJHUSODQWVFRORQLVHWKHVXUURXQGLQJDUHDLQFOXGLQJ
DOGHU Alnus VSS ODWH VSUXFH Picea VSS DQGZLOORZ Salix VSS :LOGLQJ
 (YDSRWUDQVSLUDWLRQ FDXVHV ZDWHU UHPRYDO IURP WKH RUJDQLFULFK VRLOV






Organic soils referred to as ‘high moor peats’, ‘bog peats’ or ‘ombrotrophic 
peats’ are typically found iQ XSODQG DUHDV 7KH\ DUH IRUPHG IURP DFLGLF
Sphagnum VSS PRVV WKDW RQO\ REWDLQV ZDWHU IURP SUHFLSLWDWLRQ 0LFURELDO
DFWLYLW\ LV UHWDUGHGGXH WRVHYHUHDFLGLW\RURUJDQLF WR[LQVSUHVHQW LQ WKHVRLO


















GXH WR LQFUHDVHG R[\JHQ OHYHOV 6Q\GHU DQG0RUDFH  ZKLFK OHDGV WR
RUJDQLF PDWWHU R[LGDWLRQ 7RJHWKHU ZLWK KLJK IHUWLOLVHU DSSOLFDWLRQV WKLV FDQ
SRWHQWLDOO\UHOHDVHSUREOHPDWLFFRQFHQWUDWLRQVRI3WRVXUIDFHZDWHUV&KDUGRQ
DQG6FKRXPDQV




 ,QWHUQDWLRQDO UHVHDUFK KDV LGHQWLILHG WKDW RUJDQLF DUDEOH VRLOV KDYH WKH
SRWHQWLDOWRFRQWULEXWHVLJQLILFDQWO\WRHXWURSKLFDWLRQ+RUWHQVWLQHDQG)RUEHV










3KRVSKRUXV DSSOLHG DV D PLQHUDO IHUWLOLVHU RU PDQXUH LV LQLWLDOO\ SODQW
DYDLODEOHWRDKLJKGHJUHHe.gDVRUWKRSKRVSKRULFDFLGLQWKHIRUP+32RU






GHSHQGHQW RQ WKH VRLO SK\VLFRFKHPLFDO SURFHVVHV RI VRUSWLRQGHVRUSWLRQ
SUHFLSLWDWLRQGLVVROXWLRQ DQG LPPRELOLVDWLRQPLQHUDOLVDWLRQ %QHPDQQet al.
 )LJ'HVRUSWLRQGLVVROXWLRQDQGPLQHUDOLVDWLRQSURFHVVHV W\SLFDOO\
FRQWUROPRELOLVDWLRQRI3DQGDUHGHSHQGHQWRQVRLO3FRQWHQWJHQHUDOFOLPDWH




QRW WKURXJK GLUHFW VRUSWLRQ ZLWK SKRVSKRUXV LWVHOI 0F'RZHOO DQG &RQGURQ






WKH )HKXPLF VXEVWDQFHV DQG SKRVSKDWH $ UHGXFWLRQ LQ 3 VRUSWLRQ LQ WKH
SUHVHQFHRIGLVVROYHGRUJDQLFFDUERQ'2&KDVDOVREHHQIRXQGLQWKHSUHVHQFH











ZKHQ WKH SXPSV DUH VZLWFKHG RQ DJDLQ LQ WKH IROORZLQJ VSULQJ )ORRGLQJ RI
RUJDQLFVRLOVKDVEHHQVKRZQWRLQFUHDVH3FRQFHQWUDWLRQVLQGUDLQDJHZDWHUE\


















DQG FP VDPSOHV +RZHYHU OHDFKDWH IURP FP VDPSOHV WKDW KDG EHHQ
IHUWLOLVHG DW WZLFH WKH QRUPDO UDWH ZDV IRXQG WR KDYH D QRWLFHDEO\ KLJKHU 3
FRQFHQWUDWLRQ+RUWHQVWLQH	)RUEHV,QDQRWKHULQGRRUVWXG\XVLQJ
FPO\VLPHWHUV/DUVHQet al.IRXQGWKDWODEHOOHG3PRYHGFPGRZQWKH





GUDLQDJH ORVVHV IURPHLJKWGLIIHUHQWRUJDQLF VRLOV DQG IRXQG WKDW WKH\ UDQJHG
IURPWRNJKD\U6HYHUDORWKHUDXWKRUVKDYHDOVRIRXQGWKDWFXOWLYDWHG
RUJDQLFVRLOVFRQWULEXWHWRHXWURSKLFDWLRQRIVXUIDFHDQGVXEVXUIDFHZDWHUV6LPV







VRLO V\VWHPFRPSOHWHO\ DQG VXEVHTXHQWO\ LQWR VXUIDFHZDWHUERGLHV RIWHQYLD






LPSURYHV LWV ZHWWDELOLW\ DQG FRQYHUVHO\ WKH XQGHJUDGHG SHDW LV PXFKPRUH








)DVWHU WUDQVSRUW E\SDVVLQJ WKH VRLO PDWUL[ %HUJVWU|P DQG 6KLUPRKDPPDGL
(GZDUGVet al.DOVRUHGXFHVFRQWDFWZLWKSRWHQWLDO3VRUSWLRQVLWHV
+HFNUDWKet al.6LPDUGet al.UHVXOWLQJLQLQFUHDVHGOHDFKLQJRI3






K\GUR[\O IXQFWLRQDO JURXSV RI KXPLF DQG IXOYLF DFLGV WKDW IRUP YHU\ VWDEOH








WR EH GXH WR UHGXFWLYH GLVVROXWLRQ RI )H ERXQG WR 3 2[LGDWLRQUHGXFWLRQ
UHDFWLRQVLQVRLOVDUHPDLQO\FRQWUROOHGE\PLFURELDODFWLYLW\ZKHUHGXULQJWKH







DQG WKDW WKH UDWHRI UHOHDVH LQFUHDVHGVXEVWDQWLDOO\PRUHZLWK LQFUHDVHGZDWHU
IORZUDWH0HLVVQHUet al.IRXQGWKDWWKH3FRQFHQWUDWLRQGRXEOHGIURP
 WR  PJ 3 / DIWHU RQH PRQWK RI DQ LQFXEDWLRQZDWHU VDWXUDWLRQ
H[SHULPHQW XVLQJ IHQ SHDW VRLOV ,Q D VLPLODU VWXG\ XVLQJ FP ORQJ VRLO
FROXPQVLQDGD\LQFXEDWLRQH[SHULPHQW0HLVVQHUet al.DOVRIRXQG
WKDWVROXEOHUHDFWLYH3ORVVHVLQFUHDVHGIURPWRPJ/XQGHUGLIIHUHQW
WHPSHUDWXUH WUHDWPHQWV RI  DQG  & UHVSHFWLYHO\'XULQJ WKLV WLPH WKRVH


DXWKRUVQRWHG WKH3 LQFUHDVH VWDUWHG FRQFXUUHQWO\ZLWK WKH UHGXFWLRQ LQ UHGR[
SRWHQWLDODQGWKHLQFUHDVHLQ)H,,FRQFHQWUDWLRQLQVROXWLRQ
 3UHGLFWLQJSKRVSKRUXVOHDFKLQJIURPVRLO
6RLO 3 WHVWV DUH JHQHUDOO\ XVHG DV LQGLFDWRUV RI SODQWDYDLODEOH 3 ZKLFK LV
HVVHQWLDO LQIRUPDWLRQ IRU WDUJHWLQJ RSWLPXP FURS \LHOGV 'HSHQGLQJ RQ WKH
FRXQWU\RIUHVLGHQFHGLIIHUHQWVRLODQDO\VLVPHWKRGVDUHXVHGWRHVWLPDWHSODQW
DYDLODEOH 3 7KH FDOFLXPDFHWDWHODFWDWH &$/ H[WUDFWDQW 6FKOOHU  LV
XVHGLQURXWLQHVRLOWHVWLQJLQ$XVWULDDQG*HUPDQ\ZKLOH0HKOLFK0HKOLFK
 LV XVHG LQ WKH &]HFK 5HSXEOLF DQG LQ PRVW RI &DQDGD DQG WKH 86$
'HQPDUN VRPH VWDWHV LQ WKH86$ WKH8. DQG1HZ=HDODQG XVH WKH2OVHQ
H[WUDFWWHVW2OVHQet al,Q6ZHGHQLWLVFRPPRQWRXVHWKHDPPRQLXP







DFFRXQW IRU LQIRUPDWLRQ RQ IORZ SDWKZD\V WKURXJK WKH VRLO DQG VRUSWLRQ
FKDUDFWHULVWLFV %|UOLQJ et al.  'MRGMLF et al.  7KH VDWXUDWLRQ RI
SRWHQWLDO 3 ELQGLQJ VLWHV LQ D VRLO LV FDOFXODWHG DV WKH GHJUHH RI 3 VDWXUDWLRQ
'36 9DQ GHU =HH DQG YDQ 5LHPVGLMN  XVHG R[DODWHH[WUDFWDEOH )H
)HR[$O$OR[DQG33R[IURPDFLGVDQG\VRLOVWRLGHQWLI\WKHSURSRUWLRQRI





LPSRUWDQW ,QQHXWUDO DQG DONDOLQH VRLOV UHDFWLRQVZLWK&D DUHPRUH FRPPRQ
%UHHXZVPDDQG6LOYD,QQRQFDOFDUHRXVVDQG\VRLOVVHYHUDOYDULDQWVRI
WKH3 VDWXUDWLRQ FDSDFLW\ LQGH[KDYH EHHQ VXJJHVWHG WR GHWHUPLQH3 OHDFKLQJ
SRWHQWLDO YDQ GHU =HH DQG YDQ 5LHPVGLMN  6FKRXPDQV DQG &KDUGRQ
:KHQ D '36 YDOXH LV FDOFXODWHG LW LV WKHQ FRPSDUHG DJDLQVW D '36








,I FXOWLYDWHG RUJDQLF VRLOV KDYH WKH SRWHQWLDO WR OHDFK ODUJH DPRXQWV RI 3 WR




RQUHPRYLQJ3DIWHU LWKDVOHIW WKHVRLOV\VWHP WKURXJKe.g WZRVWDJHGLWFKHV
UHGXFLQJGUDLQDJHZDWHUYHORFLW\DQGWKHUHIRUHLQFUHDVLQJVHGLPHQWVHWWOLQJWLPH












ZKHWKHU LW LV OHDFKHG RXW RU ERXQG ZLWKLQ WKH VRLO ,Q 6ZHGHQ WKH IRUPHU













‘black soil’ *ODVHU et al.  $ UHFHQW UHYLYDO KDV UHGLVFRYHUHG WKHVH
EHQHILWV$GGLWLRQRIELRFKDUWRSRRUDJULFXOWXUDOVRLOVe.g2[LVROVKDVEHHQ
IRXQG WR LPSURYH FDWLRQ H[FKDQJH FDSDFLW\ &(& QXWULHQW UHWHQWLRQ DQG
DYDLODELOLW\/LDQJet al.$GGLWLRQRIELRFKDUDOVRLQFUHDVHVVRLOZDWHU





VHTXHVWHULQJ FDUERQ /LX et al.  WKHUHE\ RIIVHWWLQJ WKH HIIHFWV RI
DQWKURSRJHQLF &2 ORVVHV $V ELRFKDU LV UHFDOFLWUDQW LW LV OHVV OLNHO\ WR EH
DIIHFWHGE\ZHDWKHULQJRUPLFURELDOGHFRPSRVLWLRQWKDQDUDZIHHGVWRFNDQGLV
WKHUHIRUHPRUHVWDEOHLQVRLO
7KH XVH RI ELRFKDU DV DQ DGVRUEHQW LV D UHODWLYHO\ QHZ LGHD ZLWK WKH
HIIHFWLYHQHVVRIWHQOLQNHGWRWKHIHHGVWRFNDQGSURGXFWLRQWHPSHUDWXUH.L]LWR
et al.  ,WKDVEHHQXVHG LQPRVWO\DTXHRXVDSSOLFDWLRQV IRU UHPRYDORI







UHGXFHG GLVVROYHG 3 LQ OHDFKDWH E\  DQG QRWHG D FRUUHODWLRQ EHWZHHQ
LQFUHDVLQJ UDWHV RI ELRFKDU DQG GHFUHDVLQJ UDWHV RI 3 OHDFKLQJ 3HFDQ VKHOO










2QH UHDVRQ IRU SRRU DGVRUSWLYH SHUIRUPDQFH RI PDQ\ ELRFKDUV LV WKH
GRPLQDQFHRIQHJDWLYHO\FKDUJHGVXUIDFHV7U\LQJ WRFRPELQHELRFKDUZLWKD
QHJDWLYHO\ FKDUJHG DQLRQ VXFK DV SKRVSKDWH FDQ EH OLNHQHG WR WZR PDJQHWV
UHSHOOLQJRQHRWKHUZKLFKUHVXOWVLQSRRUHOHFWURVWDWLFDWWUDFWLRQ2QHSRVVLELOLW\
WRLPSURYHWKHVRUSWLRQFDSDFLW\LVWRFRDWWKHELRFKDUZLWKDSRVLWLYHO\FKDUJHG
PLQHUDO R[LGH e.g )H RU0J R[LGH ZKLFK LQFUHDVHV WKH LQLWLDO HOHFWURVWDWLF












ELRFKDUV ,Q FRQWUDVW 7DND\D et al.  IRXQG WKDW )HFRDWHG ELRFKDUZDV
LQIHULRU WR0JFRDWHGELRFKDUZLWK OHVV WKDQRISKRVSKDWH UHPRYHGIURP



























WKDW LVSDUWRID ORQJWHUPILHOGGUDLQDJHZDWHUPRQLWRULQJSURJUDPPHDQG LV
UHSRUWHG WR UHWXUQPHDQ DQQXDO ORVVHV RI  NJ 3 KD \U  DQG















































































































































































































































































































































































































































































































































































































































































































































WR   WR  DQG  WR FP DW DOO IRXU VLWHV LQ1RYHPEHU  7KH

















Figure 3. 7KHUHDUPRXQWHGK\GUDXOLFVRLOFROXPQFROOHFWLRQGHYLFHLQDFWLRQ 3KRWRV0DWV/DUVER 

A rain simulator was used to impose a ‘worst case’ high P loss scenario. In the 
VLPXODWRU)LJUDLQIDOODPRXQWVZHUHDSSOLHGDWDKLJKLQWHQVLW\RIPP
RYHUKRXUVRQIRXUDSSOLFDWLRQRFFDVLRQV,QWRWDOWKLVVXSSOLHGPPDWD




ZDV VDPSOHGDIWHUHDFKRI WKH IRXU VLPXODWHG UDLQIDOORFFDVLRQVDQGDQDO\VHG
DFFRUGLQJ WR WKH DPPRQLXP PRO\EGDWH VSHFWURPHWULF PHWKRG (XURSHDQ
&RPPLWWHHIRU6WDQGDUGL]DWLRQIRUWRWDO3WRWDOGLVVROYHG37'3DQG
GLVVROYHGUHDFWLYH3'53DOVRNQRZQDVSKRVSKDWH37RWDO3ZDVDQDO\VHG
RQXQILOWHUHGVDPSOHV DQG7'3DQGSKRVSKDWH3RQ ILOWHUHG VDPSOHV P




















$OO LQWDFW O\VLPHWHUV ZHUH FROOHFWHG LQ 2FWREHU  RUJDQLF VRLOV DQG
1RYHPEHU  PLQHUDO VRLOV LQ FP ORQJ 39& SLSHV  FP LQWHUQDO




































3DSHU ,,, (DFK O\VLPHWHUZDV FRQQHFWHG WR DQ LQGLYLGXDO EDODQFH )LJ ,





 VDPSOLQJ RFFDVLRQV EHWZHHQ 2FWREHU  DQG 0DUFK  3DSHU ,,,
6DPSOHVZHUHDQDO\VHGIRU3DVLQWKHUDLQVLPXODWRUH[SHULPHQW
 %LRFKDUODERUDWRU\VWXGLHV
'XH WR ODFN RI VXLWDEOH HTXLSPHQW IRU SURGXFLQJ ELRFKDU LQ WKH TXDQWLWLHV
UHTXLUHG WKHPDLQELRFKDUSURGXFWVXVHG LQ WKLV WKHVLVZHUH WZRRIIWKHVKHOI
SURGXFWVIURPFRPPHUFLDOSURGXFHUVDQGWKXVFRDWHGSRVWpyrolysis. ‘Skogens 
kol’ charcoal was chosen as it had been used in seYHUDOSUHYLRXV VWXGLHVDQG
WKHUHIRUH DQ XQGHUVWDQGLQJ H[LVWHG RI LWV JHQHUDO FKDUDFWHULVWLFV DQG
SHUIRUPDQFH )XUWKHUPRUH DV LW LV SURGXFHG IURP ZRRG WKH 3 FRQWHQW ZDV
UHODWLYHO\ORZLQFRPSDULVRQZLWKWKDWLQRWKHUIHHGVWRFNV7DEOHZKLFKZDV
QHFHVVDU\IRUWKHSXUSRVHVRIWKHDGVRUSWLRQOHDFKLQJVWXGLHV7KH6NRJHQVNRO
ELRFKDU FDPH IURP D FRPPHUFLDO FKDUFRDO SURGXFWLRQ IDFLOLW\ LQ VRXWKHUQ
6ZHGHQDQGKDGDVL]HIUDFWLRQRIPP6HOHFWHGUHVXOWVRIELRFKDUDQDO\VHV
DUH SUHVHQWHG LQ 7DEOH  7KH ELRFKDU ZDV SURGXFHG E\ VORZ S\URO\VLV DW
WHPSHUDWXUHVEHWZHHQ&7KHELRFKDUZDVWKHQFRDWHGZLWK)H&OZLWK
DQLURQ,,,LURQ,,UDWLRRIWRDOORZVXUIDFHPDJQHWLWH)H2IRUPDWLRQ
The second variety of biochar chosen was ‘Ecoera’, a peOOHWHG ELRFKDU
SURGXFHG IURP DJULFXOWXUDO UHVLGXHV DW  & DW D FRPPHUFLDO IDFLOLW\ LQ




















x ;UD\ SRZGHU GLIIUDFWLRQ ;5' ZDV DOVR XVHG WR LGHQWLI\






ZDV XVHG WR GHWHUPLQH ZKHWKHU SKRVSKDWH LQ VROXWLRQ KDG
DGVRUEHGWRWKHELRFKDULWVHOIWRWKHFRDWLQJRI)H3DSHU,,RU
WR 0J2 SHULFODVH RU 0J2+ EUXFLWH 3DSHU ,,, %RWK
XQFRDWHGDQGFRDWHGVDPSOHVZHUHDQDO\VHG
x 7KH PD[LPXP 3 DGVRUSWLRQ FDSDFLW\ RI WKH ELRFKDU ZDV
GHWHUPLQHG WKURXJK EDWFK DGVRUSWLRQ VWXGLHV E\ VKDNLQJ





DPPRQLXP PRO\EGDWH PHWKRG 7KLV DOORZHG WKH DPRXQW RI
SKRVSKDWH3DGVRUEHGWRELRFKDUWREHFDOFXODWHG$/DQJPXLU




ZKHUH qe LV WKH DGVRUEHG DPRXQW PJ 3 J Ce LV WKH
HTXLOLEULXPFRQFHQWUDWLRQPJ3/KLVDFRQVWDQWUHODWHGWR








IHHGVWRFN RU PHWDO FRDWLQJ LV PRVW LPSRUWDQW IRU SKRVSKDWH
DGVRUSWLRQ7KHWKUHHELRFKDUVWHVWHGZHUH%HWIRUDVXJDUEHHW
E\SURGXFWXVHGDVDVWRFNIHHGS\URO\VHGDW&6:3
D VRIWZRRG ELRFKDU S\URO\VHG DW  & DQG (FRHUD DV
LQWURGXFHGHDUOLHU7KH WKUHH WUHDWPHQWV LQFOXGHGQRFRDWLQJ
DQGDQGJ0J&OJELRFKDU6DPSOHVRIJRIHDFK
ELRFKDUQ ZHUHVKDNHQLQDVLQJOHPJ3/VROXWLRQIRU
 KRXUV DQG DQDO\VHG DV LQ WKH PD[LPXP 3 DGVRUSWLRQ
FDSDFLW\VWXG\SUHVHQWHGDERYH
x $ ODERUDWRU\ FROXPQ VWXG\ZDV FDUULHG RXW WR GHWHUPLQH WKH
HIIHFWLYHQHVV RI )HFRDWHG ELRFKDU XQGHU KLJK ZDWHU IORZ
FRQGLWLRQV 6L[ JODVV FROXPQV  FP ORQJ E\  FP LQQHU
GLDPHWHUZHUHILOOHGZLWKVDQGXSWRFPIURPWKHFROXPQULP
DQGWKHQFP)HFRDWHGELRFKDUZDVDSSOLHGFRUUHVSRQGLQJWR








FROXPQV WZR ZLWK DQG WZR ZLWKRXW ELRFKDU 'HLRQLVHG ZDV
WKHQ DSSOLHG RQWR LQGLYLGXDO FROXPQV DW PP K IRU 
KRXUVXVLQJDSHULVWDOWLFSXPS6DPSOHVZHUHFROOHFWHGHYHU\

















&XPXODWH SKRVSKDWH3 ORDGV ZHUH WKHQ SORWWHG DJDLQVW




ೣషೣబ್ ቁ  >@ 
ZKHUHyLVWKHFXPXODWLYHDPRXQWOHDFKHGPJ3DIWHUxPPRI
FXPXODWLYH GUDLQDJH a LV WKH FXPXODWLYH DPRXQW PJ 3
OHDFKHGDWxmaxi.eDWWKHWKHRUHWLFDOPD[LPXPGUDLQDJHx0LV































6SHFLILFVXUIDFH%(7 PJ    
7UXHGHQVLW\ JFP    
S+&D&O     
$VKFRQWHQW& ZZ    
7RWDOLQRUJDQLFFDUERQ ZZ    
&DUERQ ZZ    
+\GURJHQ ZZ    
7RWDOQLWURJHQ ZZ    
7RWDOVXOSKXU ZZ    
2[\JHQ ZZ    
+&UDWLR     
2&UDWLR     
&1UDWLR     
+2UDWLR     
7RWDOSKRVSKRUXVD PJNJ    
7RWDOFDOFLXPD PJNJ    
7RWDOPDJQHVLXPD PJNJ    
7RWDOLURQD PJNJ    
7RWDOSRWDVVLXPD PJNJ    
7RWDOVRGLXPD PJNJ    
7RWDODOXPLQXPD PJNJ    
D %LRFKDU VDPSOH H[WUDFWHG ZLWK +12 DQG DQDO\VHG LQ DQ DFFUHGLWHG ODERUDWRU\ LQ 8SSVDOD
6ZHGHQ7KHUHPDLQGHUDWDVSHFLDOLVWELRFKDUODERUDWRU\(XURILQV+DOVEUFNH*HUPDQ\
E’Ecoera’ agricultural residue biochar.
F3HULFODVH0J2coated ‘Ecoera’ biochar, i.eQRWK\GUDWHGWR0J2+





















































FRPSDULVRQ ZLWK WKH RUJDQLF VRLOV +RZHYHU WKH ORDP VRLO VKRZHG SRRU
LQILOWUDWLRQ FDSDFLW\ DQGZDV HYHQWXDOO\ H[FOXGHG IURP WKH VWXG\ OHDYLQJ WKH
VDQGDVWKHRQO\PLQHUDOVRLO2UJDQLFZDVDOVRQRWLQFOXGHGLQ3DSHU,GXHWR




SKRVSKDWH3 ORVVHV ZHUH KLJKHVW IURP WKH  WR FP OD\HU 7DEOH  7KH
SURSRUWLRQRISKRVSKDWH3WRWRWDO3ZDVODUJHi.eLQWKHWRFP
OD\HU RI DOO WKUHH VRLOV )LJ $ ( , 7RWDO3 OHDFKLQJ ORVVHV IURP WKH RQH
RUJDQLFUHSOLFDWHLQZKLFKSRQGLQJGLGQRWRFFXUNJKDZHUHPXFKORZHU






































IURP D VDQG VRLO 0HOOE\ DW P GHSWKZKLFKZDV  WLPHV OHVV WKDQ LQ
OHDFKDWHIURPWKHLUWRSVRLORQO\FROXPQV/LXet al.D)XUWKHUPRUHEDVHG
RQ FRPSDULVRQV EHWZHHQ RXWGRRU O\VLPHWHUV ZLWK DQG ZLWKRXW VXEVRLO
$QGHUVVRQet al.FRQFOXGHGWKDW3OHDFKLQJLVJUHDWO\DIIHFWHGE\VXEVRLO



















7DEOH Cumulative phosphorus loads leached from 20-cm soil columns after addition of 200 mm 
rainfall in the rain simulator. 
6RLO 'HSWK 7RWDO3D '36E
 FP NJKD 
2UJDQLF  FG F
  F F
  F F
  F F
2UJDQLF   
   
   
   
6DQG   
   
   
   
/RDP  H F
  H F
  H F




























































































































7KH DYHUDJH WRWDO3 FRQFHQWUDWLRQ LQ OHDFKDWH UHSRUWHG LQ 3DSHUV ,, DQG ,,,
FRQVLVWHG RI  DQG  SKRVSKDWH3 IRU RUJDQLF  DQG  O\VLPHWHUV
UHVSHFWLYHO\2YHUWKHWKUHH\HDUVRIVWXG\WKHPHDQSKRVSKDWH3FRQFHQWUDWLRQ
ZDVPJ/ IRURUJDQLF O\VLPHWHUV DQGPJ/ IRU





O\VLPHWHU VWXGLHV LQYROYLQJ RUJDQLF VRLO FROXPQV DUH TXLWH XQFRPPRQ LQ WKH
OLWHUDWXUH +RZHYHU RQH UDUH H[FHSWLRQ D VWXG\ UHSRUWHG E\ 5HGG\ 
UHFRUGHGSKRVSKDWH3DQGORDGVEHWZHHQDQGNJ3KD\ULQ
OHDFKDWHIURPFPVRLOFROXPQVWDNHQIURPRUJDQLFVRLOVLQ)ORULGD6HYHUDO




)ORULGD(YHUJODGHV SKRVSKDWH3 ,Q2QWDULR&DQDGD0LOOHU 
UHSRUWHGORDGVRIXSWRNJ3KD\UIURPRUJDQLFVRLOV7RWDOILOWHUHG3ORDGV
RI XS WR  NJ KD GXULQJ D RQH\HDU SHULRGZHUHPHDVXUHG LQ VRLO VROXWLRQ
VDPSOHVIURPFPGHSWKLQDQRUJDQLFVRLOXQGHUGDLU\FRZJUD]LQJLQ1HZ
=HDODQG 0F'RZHOO DQG0RQDJKDQ ZKLFKZDV FRQVLGHUHG H[WUHPHO\
KLJKLQFRPSDULVRQZLWKDQGNJKDIURPWZRDGMDFHQWFRQWUROVRLOV
,Q FRPSDULVRQ ZLWK WKHVH LQWHUQDWLRQDO VWXGLHV FRQVLGHUDEO\ ORZHU
SKRVSKRUXVFRQFHQWUDWLRQVDQGORDGVZHUHGHWHFWHGLQWKLVWKHVLV$VWKHUHDUH
PDQ\ GLIIHUHQFHV LQ IHUWLOLVHU XVH DQG VFDOH EHWZHHQ GLIIHUHQW VWXGLHV GLUHFW
FRPSDULVRQVDUHQRWRIWHQ UHOLDEOH7KXV WRGHWHUPLQHKRZ WKH3 ORVVHV IURP


























FRPSDUHG ZLWK DQ DYHUDJH RI  PP IRU WKH O\VLPHWHUV DW WKH VWDWLRQ LQ
8SSVDOD7KXV LI WKH GUDLQDJHYROXPHV KDGEHHQ VLPLODU WKH ORVVHV IURP WKH
O\VLPHWHUVZRXOG OLNHO\ KDYH EHHQ FRQVLGHUDEO\ KLJKHU 7KLVPD\ EH DW OHDVW
SDUWO\GXHWRWKHIDFWWKDWWKHHQWLUHYROXPHRIGUDLQDJHZDWHULVFROOHFWHGIURP
O\VLPHWHUV ZKHUHDV D UHGXFHG YROXPH LV FROOHFWHG LQ WKH ILHOG FDXVHG E\ D
SURSRUWLRQRIOHDFKDWHE\SDVVLQJGUDLQDJHSLSHV7KLVVXJJHVWVWKDWFDXWLRQLV








 IURP WKH RUJDQLF  RUJDQLF  VDQG DQG ORDP VRLOV 7KH KLJKHVW YROXPH
ZHLJKWHGWRWDO3FRQFHQWUDWLRQUHSRUWHGE\'MRGMLFet al.ZDVIRUORDP\
VDQGO\VLPHWHUVPJ/IROORZHGE\DVLOW\FOD\ORDPPJ/DQG
ORDP PJ/7KHVHZHUH DOO OHVV WKDQ WKH WRWDO3 FRQFHQWUDWLRQV IURP
RUJDQLFEXWJUHDWHUWKDQWKHFRQFHQWUDWLRQVIURPWKHVDQGDQGORDPVRLOVDQG
VLPLODUWRWKRVHIURPRUJDQLFLQWKLVWKHVLV$QGHUVVRQet al.UHFRUGHG
















WKDW DIIHFW OHDFKLQJ ORVVHV IURP WKHVH VRLOV DUH GLVFXVVHG LQ WKH IROORZLQJ
VHFWLRQV
7DEOH P loads leached from the 17-month lysimeter study 
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DQGPJNJ IRU WKH VDQGDQG ORDPVRLO UHVSHFWLYHO\+RZHYHU2OVHQ3
YDOXHV RI PJ NJ IRU WKH  WR FP OD\HU RI WKH VDQG VRLO ZHUH VWLOO




WHVW UHVXOWV DQG 3 OHDFKLQJ ORVVHV IURP VRLOV 'MRGMLF et al.  IRXQG QR





 RI GLVVROYHG UHDFWLYH SKRVSKRUXV '53 LQ GUDLQDJH ZDWHU 5DLQIDOO
VLPXODWLRQGDWDIURPDOOIRXUUDLQIDOOVLPXODWLRQVDQGGHSWKVIRURUJDQLFDQG





ZDV D VLPLODUGHJUHHRI FRUUHODWLRQZLWKSKRVSKDWH3 LQ OHDFKDWH 5 
S$PPRQLXPDFHWDWHODFWDWHH[WUDFWLRQ3$/UHVXOWHGLQ5YDOXHVRI























DQDO\VLV WKH5YDOXHGURSSHG WRDQG IRU WRWDO3DQGSKRVSKDWH3
UHVSHFWLYHO\ VXJJHVWLQJ WKDW '36 LV PRUH VXLWDEOH IRU RUJDQLF VRLOV %RWK















UHJUHVVLRQ EHWZHHQ WKH FP VRLO FROXPQ 3 OHDFKDWH ORVVHV DQG '36 WKH




2UJDQLF PDWWHU FRPSHWLWLRQ ZLWK SRWHQWLDO 3 VRUSWLRQ
VLWHV
$OWKRXJK RUJDQLF DFLGV ZHUH QRW GLUHFWO\ PHDVXUHG LQ WKLV WKHVLV LW FDQ EH
K\SRWKHVLVHGWKDWWKHSUHVHQFHRIRUJDQLFDFLGVDQGVXEVHTXHQWFRPSHWLWLRQZLWK




IUDFWLRQ RI WKH WRWDO RUJDQLF FDUERQ SUHVHQW LQ WKH OHDFKDWHZDV OLNHO\ WR EH
KLJKHULQWKHWZRRUJDQLFVRLOV)LJ$DQG%DQGDOVRVOLJKWO\KLJKHULQWKH
VDQGVRLO)LJ&WKDQLQWKHORDP)LJ'7KLVDVVXPSWLRQFDQEHPDGH
EDVHG RQ FRPSDULVRQ RI WKH FRORXU RI WKH OHDFKDWHV IURP WKH O\VLPHWHU DQG
UDLQIDOO VLPXODWLRQ VWXGLHV FRPSDUH )LJ  ZLWK )LJ  ZLWK '2& YDOXHV
PHDVXUHGLQWKHODWWHU7DEOH7KHVHKLJK'2&FRQFHQWUDWLRQVFRXOGOHDGWR










'LVVROYHG RUJDQLF FDUERQ UHOHDVH XQGHU KLJK UDLQIDOO
LQWHQVLW\
$QRQVWDWLVWLFDOO\VLJQLILFDQWEXWYLVXDOO\DSSDUHQWLQFUHDVHLQ3FRQFHQWUDWLRQ
DQG ORDG IURP WKH RUJDQLF  DQG VDQG VRLOVZDV QRWHG DW VXFFHVVLYH UDLQIDOO
VLPXODWLRQV )LJ  $W WKH VDPH WLPH D GLVWLQFW FKDQJH LQ OHDFKDWH FRORXU
RFFXUUHGIRUDOOVRLOVIURPVLPXODWLRQWR)LJ$QLQLWLDOH[SODQDWLRQRI









GLIIHUHQW VDOLQH FRQFHQWUDWLRQV LQ D ODERUDWRU\ H[SHULPHQW LW ZDV IRXQG WKDW
GLVWLOOHGZDWHUORZLRQLFVWUHQJWKUHOHDVHGWKHKLJKHVWDPRXQWRI'2&7KDW
VWXG\ DOVR VKRZHG WKDW DW KLJKHU VDOLQH FRQGLWLRQV LQ SULQFLSOH KLJKHU LRQLF




ERXQG )H DQG $O DQG DVVRFLDWHG SKRVSKDWH 7KLV ZDV YHULILHG LQ DGGLWLRQDO
DQDO\VLV RI OHDFKDWH IURP WKH UDLQ VLPXODWLRQ VWXG\ZKLFK VKRZHG D JHQHUDO
LQFUHDVH LQ )H $O PDQJDQHVH 0Q '2& DQG SKRVSKDWH3 DIWHU HDFK
VXEVHTXHQWUDLQIDOOVLPXODWLRQHYHQW7DEOH2QHHOHPHQWWKDWFRQWUDGLFWHG









VROXWLRQ LRQLF VWUHQJWK WKHUHE\PRELOLVLQJ'2& DQG DWWDFKHG )H$O DQG 3
+RZHYHU LW LV QRW FOHDUZK\ RUJDQLF  UHSOLFDWHV  DQG  VKRZHG D VOLJKW
LQFUHDVHLQ&DFRQFHQWUDWLRQDIWHUVXEVHTXHQWVLPXODWLRQV,WPD\EHUHODWHGWR























Table 5 Results of leachate analysis from the rainfall simulation study (Paper I) and unpublished 
data  
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7KH XQFRDWHG DQG PHWDOFRDWHG ELRFKDUV ZHUH FRPSDUHG LQ D EDWFK
DGVRUSWLRQ VWXG\ 3DSHU ,, 7KH/DQJPXLUPRGHO IRU GHWHUPLQLQJPD[LPXP
DGVRUSWLRQ FDSDFLW\ ZDV DSSOLHG WR WKH )HFRDWHG EDWFK DGVRUSWLRQ GDWD DQG
UHVXOWLQJLQD4PD[ PJ3J$OWKRXJKWKHPRGHOZDVQRWDSSOLHGWRWKH
XQFRDWHGGDWD3DSHU,,)LJVKRZHGDSKRVSKDWH3DGVRUSWLRQRIFORVHWRPJ






WKH )HFRDWLQJ JUHDWO\ LPSURYHG WKH HIIHFWLYHQHVV 7KH FDXVH RI WKH KLJKHU








ELRFKDU VXUIDFHV KDV EHHQ WHVWHG LQ VHYHUDO SUHYLRXV VWXGLHV ZKLFK UHSRUWHG
/DQJPXLUPD[LPXP3DGVRUSWLRQFDSDFLW\UHVXOWVRIPJJ=KDQJet 
al.PJJ3DUNet al.PJJ&XLet al. DQG
PJJ;Xet al.7KHUHLVWKXVDZLGHYDULDWLRQEXWLQJHQHUDOELRFKDUV
FRDWHGZLWK0JVHHP WRDGVRUEPRUHSKRVSKDWH WKDQ WKH)HFRDWHGELRFKDUV
SUHVHQWHGDERYH+RZHYHUZLWKRXWGLUHFWFRPSDULVRQVEHWZHHQFRDWLQJVZLWKLQ
WKHVDPHH[SHULPHQW LW LVGLIILFXOW WRNQRZZKHWKHU LW LV WKHFRDWLQJLWVHOIRU
DQRWKHUIDFWRUWKDWLVUHVSRQVLEOHIRUWKHGLIIHUHQFHVLQDGVRUSWLRQFDSDFLW\7R
H[DPLQHWKLV;Xet alFRPSDUHG0J&D$ODQG)HFRDWHGZDVWHZRRG
ELRFKDUV DQG FRQFOXGHG WKDW WKH0JFRDWHGELRFKDU KDGE\ IDU WKHKLJKHVW 3
UHPRYDO HIILFLHQF\  FRPSDUHG ZLWK EHORZ  IRU WKH UHVW 7KLV ZDV





WKURXJK WKH UHDFWLRQZLWK0JR[LGHV <DRet al.&XLet al.DQG





ZLWK )H ZKLFK PD\ RU PD\ QRW FRQWULEXWH WR WKH JHQHUDO WUHQG VHHQ 7KH
K\SRWKHVLVLVEDVHGRQWKHS+OHYHODWZKLFKWKHFRDWLQJVXUIDFHRQDYHUDJH
EHFRPHV QHXWUDO WKH VRFDOOHG SRLQW RI ]HUR FKDUJH S+S]F )RU D PDJQHWLWH
VDPSOHS+S]F ZKLFKLVFRQWUDVWHGE\WKHRQHIRUPDJQHVLXPK\GUR[LGHV
DW S+S]F JUHDWHU WKDQ  .RVPXOVNL  $OO PHDVXUHG S+ OHYHOV LQ WKH
O\VLPHWHUVDQGOLNHO\PRVWLQWKHODERUDWRU\ZHUHEHORZWKHOLNHO\S+S]FIRUWKH
0JFRDWHGELRFKDUPHDQLQJ WKDW WKHVXUIDFHZLOOEHSRVLWLYHO\FKDUJHG WKXV
DEOHWRIRUPDQHOHFWURVWDWLFDWWUDFWLRQZKLFKVLJQLILFDQWO\LQFUHDVHVWKHFKDQFHV
IRUELQGLQJDQ\RI WKHDQLRQLFIRUPVRISKRVSKDWH ,QDGGLWLRQDOOSKRVSKDWH









IHHGVWRFN LVXQOLNHO\ WRKDYHDVLJQLILFDQWHIIHFW7KLVSUHVWXG\ZDV LQLWLDOO\
XVHGWRGHWHUPLQHZKLFKRIWKHSRWHQWLDOELRFKDUVDYDLODEOHZRXOGIXQFWLRQEHVW
IRUUHPRYLQJSKRVSKDWHIURPDTXHRXVVROXWLRQDQGDOVRWRGHWHUPLQHWKHPRVW
HIIHFWLYH0J FRQFHQWUDWLRQ 7KH UHVXOWV FOHDUO\ VXJJHVWHG WKDW WKH IHHGVWRFN
FKRLFHZDV LUUHOHYDQW DQG WKDW WKHKLJKHVW FRQFHQWUDWLRQRIPHWDOR[LGH DOVR
XVHG LQ DOO IROORZXS H[SHULPHQWV ZDV WKH PRVW LPSRUWDQW IRU HIIHFWLYH
SKRVSKDWH UHPRYDO )LJ 7KHVH UHVXOWV DOVR FRQILUP ILQGLQJV IRU WKH)H
FRDWHGELRFKDU3DSHU,,DQGWKHYLHZRI6L]PXUet al.WKDWELRFKDULV
only a “porous carbon scaffold upon which metal oxides are precipitated to 














at 700 °C, and ‘Ecoera’ is comprised of agricultural residues pyrolysed at 600 °C. Error bars 
LQGLFDWHVWDQGDUGGHYLDWLRQQ 
3\URO\VLVWHPSHUDWXUH












LQ VXUIDFH DUHD IURP  WR  P J DQG LQ WRWDO SRUH YROXPH ZLWK D
WHPSHUDWXUHLQFUHDVHIURP&WR&7KLVFRLQFLGHGZLWKDQLQFUHDVHLQ

















ZLWK WKDW S+  XVHG LQ WKH SUHVWXG\ D FRPPRQ ILQGLQJ LQ SKRVSKDWH
DGVRUSWLRQH[SHULPHQWV0LFKiOHNRYi5LFKYHLVRYiet al.1JX\HQet al.
 IRXQG WKDW RQ LQFUHDVLQJ WKH S+ IURP WR  SKRVSKDWH DGVRUSWLRQ
GHFUHDVHGIURPWRLQVR\DEHDQPLONE\SURGXFWVWUHDWHGZLWK)H,,,
7KLVZDVH[SODLQHGE\DQLQFUHDVHLQ2+LRQVDWKLJKHUS+FDXVLQJDQLQFUHDVH
LQ QHJDWLYH FKDUJH DQG WKHUHIRUH FRPSHWLWLRQ ZLWK WKH QHJDWLYHO\ FKDUJHG
SKRVSKDWHLRQV$VLQGLFDWHGSUHYLRXVO\WKHS+S]FRIERWK0J2DQG0J2+
LVJUHDWHUWKDQ7KHUHIRUH0J2DQG0J2+VXUIDFHVVKRXOGEHSRVLWLYHO\
FKDUJHG DW QDWXUDOO\ RFFXUULQJ VRLO S+ YDOXHV DQG VKRXOG WKHUHIRUH DGVRUE3
WKURXJKHOHFWURVWDWLFDWWUDFWLRQ=KDQJet al.2QWHVWLQJDUDQJHRIS+
YDOXHV  .ULVKQDQ DQG+DULGDV  IRXQG WKDW  S+ ZDV WKHPRVW









GXULQJ WHVWLQJ LQ WKHPRUH DFLG EXIIHU VROXWLRQV GXH WR WKH VWURQJ EXIIHULQJ
FDSDFLW\ RI WKH 2+ LRQV IURP WKH 0JFRDWLQJ LQFUHDVLQJ WKH VROXWLRQ S+
&RQVHTXHQWO\WKHH[SHULPHQWDOUHVXOWVZHUHXQXVDEOHDQGWKHUHIRUHXQDEOHWR
FRQILUP WKDWS+ LV LPSRUWDQW IRUSKRVSKDWHDGVRUSWLRQDV IRXQG LQ WKHVWXG\
XVLQJ )HFRDWHG ELRFKDU+RZHYHU LI WKH VXUIDFH FRDWLQJ LV DIIHFWHG E\ DFLG
FRQGLWLRQVWKLVPD\VXJJHVWDQLVVXHZLWKXVLQJWKLV0JFRDWHGELRFKDUSURGXFW
LQ DFLG VRLOV DV LW FRXOG SRWHQWLDOO\ GLVVROYH WKH 0JFRDWLQJ XQGHU WKHVH
FRQGLWLRQVUHVXOWLQJLQDSURGXFWZLWKDUHGXFHGHIIHFW
0HWDOXVHHIILFLHQF\








R[LGH FRDWLQJ DQ\ VLJQLILFDQW ORVVHV ZLOO KDYH D VXEVWDQWLDO HIIHFW RQ WKH
HIIHFWLYHQHVVRI3UHPRYDO7KLVZDVFRQILUPHGE\1JX\HQet al.ZKR





DQG  KLJKHVW DIWHU WKH EDWFK DGVRUSWLRQ VWXGLHV 7KH SRVW WKUHH\HDU
O\VLPHWHU VWXG\ UDWLR RI  ZDV YHU\ ORZ DQG LOOXVWUDWHV WKH SRRU ILHOG
HIILFLHQF\RIWKLVFRDWHGELRFKDU$VWKH)HFRQFHQWUDWLRQRQWKHELRFKDUZDV
UHGXFHGIURPWRPPROFPDWWKHHQGRIWKHWKUHH\HDUVWXG\LWZDV
FRQFOXGHG WKDW WKHSHUVLVWHQFHRI  )HZDVQRW WKHPDLQ LVVXH EXW LQVWHDG LWV














)RU D PLWLJDWLRQ VWUDWHJ\ WR EH VXFFHVVIXO LW QHHGV WR SHUIRUP ZHOO LQ WKH
ODERUDWRU\DQG WKHQ LWVHQGXVHQHHGV WREH WHVWHGDW ODUJHU VFDOHXQGHUPRUH
ILHOGOLNH FRQGLWLRQV WR JLYH D IXOO HYDOXDWLRQ RI LWV IXQFWLRQ $ XQLTXH
FRPSRQHQWRIWKLVWKHVLVZRUNLQFRPSDULVRQZLWKRWKHUVWXGLHVRQELRFKDULV
WKDW ELRFKDU SHUIRUPDQFH ZDV WHVWHG LQ ERWK WKH ODERUDWRU\ DQG LQ ILHOG
O\VLPHWHUV 3KRVSKDWH3 ZDV WKH RQO\ 3 VSHFLHV H[DPLQHG LQ WKH ODERUDWRU\
VWXGLHVDQGZDVWKHUHIRUHWKHRQO\3VSHFLHVGHVFULEHGLQUHODWLRQWRWKHELRFKDUV











et al.  $ VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH 0JFRDWHG






3 ILOWHU WKH )HFRDWHG ELRFKDU GDWDVHW ZDV UHVWULFWHG WR WKH VDPH PRQWK
GXUDWLRQDVWKH0JFRDWHGELRFKDUVWXG\2YHUWKHPRQWKVRIWKHVWXG\WKH

























IRU WKHVRUSWLRQVLWHV7KHRYHUDOO LPSUHVVLRQIURPWKHELRFKDUVWXGLHV LV WKDW
ELRFKDUZRUNV UHODWLYHO\ZHOO LQ WKHRUJDQLFVRLOVDOWKRXJK ORQJHUSHULRGVRI




































































































































































































































































































































































































































































































































































































































































































































































LQYHVWLJDWLRQV 7KH XVH RI RQH PHWKRG FDQQRW DQVZHU TXHVWLRQV DW GLIIHUHQW
VFDOHVDQGWKLV LV LPSRUWDQW WRUHPHPEHUZKHQSODQQLQJDQGLQWHUSUHWLQJGDWD
IURP DQ H[SHULPHQW :LWKLQ WKLV WKHVLV WKHUH ZHUH VHYHUDO GLIIHUHQW VFDOHV
ODERUDWRU\ VRLO FROXPQ DQG ILHOG O\VLPHWHU (DFK LV XVHIXO IRU FRYHULQJ D
GLIIHUHQWVXEVHWRI3OHDFKLQJFRQGLWLRQVDQGWKHUHVXOWVDUHRIWHQRQO\DSSOLFDEOH






ELRFKDU LQFOXGLQJ WKH EDWFK DGVRUSWLRQ VWXGLHV ZKLFKZHUH FDUULHG RXW WR D
VLPLODU VHW RI VWDQGDUGV WR DOORZ FRPSDULVRQ RI UHVXOWV ZLWK WKRVH RI RWKHU









VDPSOHV DV VKRZQ E\ WKH XQHYHQQHVV RI WKH )H FRDWLQJ LQ )LJ 7KLVZDV




;3'DQGVXJJHVWLQJWKLVUHVXOW LVYDOLGIRU WKHZKROHELRFKDUEDWFK7KLV LV








The use of field lysimeters was the closest reproduction of a ‘fieldlike’ situation 
SURYLGHGLQWKLVWKHVLV7KLVJDYHFORVHWRILHOGFRQGLWLRQVZLWKWKHEHQHILWRI
VWLOOFRQWUROOLQJLPSRUWDQWFOLPDWHYDULDEOHVZKHQFRPSDULQJVRLOVIURPGLIIHUHQW
ORFDWLRQV IRU3 OHDFKLQJ7KHXVHRI O\VLPHWHUVKDV LWVRZQVHWRI OLPLWDWLRQV
LQFOXGLQJSRVVLEOHGLVUXSWLRQRIPDFURSRUHVWKDWDUHQRWRQO\SUHVHQWLQDYHUWLFDO
GLUHFWLRQEXWDOVRLQPDQ\KRUL]RQWDOGLUHFWLRQVZKLFKPD\EHDUWLILFLDOO\FXW
GXULQJ O\VLPHWHU FROOHFWLRQ 7KHUH LV DOVR QR SRVVLELOLW\ IRU KRUL]RQWDO ZDWHU
PRYHPHQW RU YHUWLFDOPRYHPHQW XSZDUGV RIZDWHU IURP DZDWHUWDEOHZKLFK
RFFXUVLQILHOGVLWXDWLRQV7KLVSURFHVVLVHVSHFLDOO\LPSRUWDQWZLWKRUJDQLFVRLOV
ZKHUHZHWWLQJDQGGU\LQJF\FOHV LQ WKHILHOGDQGFDQOHDGWRDQ LQFUHDVH LQ3
OHDFKLQJGXHWRUHOHDVHRI)HERXQG3EHWZHHQWKHJURZLQJVHDVRQV
$QRWKHUOLPLWDWLRQWKDWLVQRWQRUPDOO\GLVFXVVHGZLWKO\VLPHWHUXVDJHEXW
HPHUJHG LQ WKH O\VLPHWHU VWXGLHV SUHVHQWHG LQ WKLV WKHVLV LV WKH QXPEHU RI
UHSOLFDWHVXVHGIRUHDFKWUHDWPHQW7\SLFDOSUDFWLFHE\WKH:DWHU4XDOLW\JURXS
DW 6/8 LV WR XVH WKUHH UHSOLFDWHV LQ O\VLPHWHU VWXGLHV %HUJVWU|P 	
6KLUPRKDPPDGL'MRGMLFet al.$QGHUVVRQet al.PDLQO\WR
EDODQFHWKHUHTXLUHPHQWVIRUVWDWLVWLFDODQDO\VLVDJDLQVWFRVWV7KHXVHRIWKUHH
UHSOLFDWHV LQ WKLV WKHVLVRIWHQ OHG WRQRQVLJQLILFDQW UHVXOWVPDLQO\GXH WR WKH




































$W WKH FP VRLO FROXPQ VFDOH GHJUHH RI SKRVSKRUXV VDWXUDWLRQ '36
FRUUHODWHGZHOOZLWK 3 ORVVHV IURP WKH RUJDQLF VRLOV LQ WKH UDLQIDOO VLPXODWRU
VWXG\ +RZHYHU DV WKHUH ZHUH RQO\ WZR RUJDQLF VRLOV DQG WZR VHWV RI VRLO
DQDO\VHVIRUWKHFPO\VLPHWHUVWKLVSURYLGHGWRRVPDOODGDWDVHWWRSHUIRUPD
PHDQLQJIXO UHJUHVVLRQ DQDO\VLV RI '36 DQG 3 OHDFKDWH ORVVHV WR DVFHUWDLQ
ZKHWKHU'36LVDJRRGPHWKRGIRUSUHGLFWLQJ3OHDFKLQJORVVHVDWDODUJHUVFDOH
LQRUJDQLFVRLOV




E\ UHGXFLQJ FRQWDFW ZLWK WKH VRLOPDWUL[ ZKHUH 3 LV ORFDWHG DQG SRWHQWLDOO\
GHVRUEHG$OWKRXJKQRWVSHFLILFDOO\LQYHVWLJDWHGLQWKLVWKHVLVWKHSUHVHQFHRI





DQG FRXOG KHOS XQGHUVWDQG3 ORVVHV IURP WKLV V\VWHP7KH LPSRUWDQFH RI WKH
FRPSOH[FKHPLFDOLQWHUDFWLRQRISKRVSKDWHZLWK)HXQGHUWKHUHGR[FRQGLWLRQV









LW FDQ EH VSHFXODWHG WKDW WKH SUHGLFWHG LQFUHDVH LQ UDLQIDOO LQWHQVLW\ DQG WKH
IUHTXHQF\RIUDLQIDOOHYHQWVLQWKHQHDUIXWXUHDVDUHVXOWRIFOLPDWHFKDQJHKDV
WKHSRWHQWLDOWRLQFUHDVH3ORVVHVIURPRUJDQLFVRLOV2[LGDWLRQRIRUJDQLFVRLOV











3DSHU , LGHQWLILHG WKDW PRVW 3 ORVVHV FDPH IURP WKH WRSVRLO +RZHYHU
SODFHPHQWRIELRFKDUXQGHU WKH WRSVRLOZDVQRWHIIHFWLYH LQUHGXFLQJ3ORVVHV
IURPWKHWZRPLQHUDOVRLOVVWXGLHG7KLVZDVOLNHO\GXHDGVRUSWLRQE\ELRFKDURI
3 OHDFKHG IURP WKH WRSVRLO EHLQJRXWZHLJKHG E\ GHVRUSWLRQ RI 3 IURP ODUJHU
TXDQWLWLHV RI )H DQG $O K\GUR[LGHV LQ WKH VXEVRLO VXJJHVWLQJ WKH QHHG IRU
IXUWKHUUHILQHPHQWRIGHSWKRIWKHELRFKDUOD\HU
8VH RI ELRFKDU DV D EODQNHW SODFHPHQW XQGHU WKH WRSVRLO PD\ DOVR EH
HFRQRPLFDOO\XQIHDVLEOH%DFNILOOLQJGUDLQDJHWUHQFKHVZLWKELRFKDURUGLUHFWLQJ
GUDLQDJHIORZWKURXJKUHSODFHDEOHVDFNVILOOHGZLWKELRFKDUDUHSRWHQWLDORSWLRQV
WKDW FRXOG EH LQYHVWLJDWHG LQ WKH IXWXUH )XUWKHUPRUH RQFH WKH 3 DGVRUSWLRQ




















ZRXOG UHGXFHFDUERQGLR[LGH ORVVHVEXWDW WKHFRVWRID ODUJHIOXVKRI3DQG
SRWHQWLDOVHDVRQDOF\FOLQJRI3ORVVHVLIWKHZDWHUEHFRPHVDQDHURELFDQGWKHQ
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